The amount of solar energy that could be obtained by a flat plate solar collector of one square meter dimension is calculated in three different locations: Tampa FL, Fairbanks AL, and Pontianak Indonesia, considering the varying sunset time for each day of the year. The results show that if the collectors are placed near the equator, more total energy could be obtained. In fact, by placing a solar collector in Pontianak, Indonesia 12.42% more solar energy can be obtained than by placing it in Tampa 
PROBLEM STATEMENT
The objective of this paper is to calculate the amount of solar energy that could be achieved in Tampa for one year and compare it to two different locations. This has been achieved by considering a flat plate solar collector placed in three different locations and calculating and comparing their absorbed energy through a year.
MOTIVATION
The demand for energy has been growing exponentially in the recent years along with the increase in global population. Based on a report by the US Energy Information Administration, 90% percent of the United States and 85% percent of global energy needs are satisfied by nonrenewable resources that are quickly diminishing (U.S. Energy Information Administration; 2013). Although experts predict that coal and natural gas resources are expected to last another two centuries, petroleum, which accounts for over 50% of energy needs in the U.S. will be depleted within 30-40 years in the U.S. (Greiner and Semmler; . Figure 1compares the production and consumption of various energy sources in the United States in 2012. The world is facing an energy crisis that can only be resolved by finding and utilizing clean, renewable energy sources (Combs; . This paper considers the possibility of solar power as a future energy resource. The use of solar energy has been increasing steadily, becoming the fastest growing power technology in the world. Photovoltaic (PV) cell solar collectors are able to absorb energy with almost no carbon emissions by converting solar energy into hydrogen fuels (Reddy; . However, solar panels 4 ARIANE ROSARIO are not effective everywhere. In areas with more sunlight, more solar energy can be obtained.
Due to the tilt and rotation of the earth, the amount of energy from the sun reaching a solar collector decreases as the latitude from the equator increases. This also causes changes in length of day and the temperature of the location. The objective of this paper is to calculate the efficiency of solar energy collectors in three different locations throughout the world. Ideal places to set up solar collectors can be determined by comparing the energy collected by each panel throughout a year in these varying locations. This information is useful for governments, businesses, and home-owners to establish renewable and more efficient energy resources for the future. 
where equals 1000 W/m 2 on the earth's surface and is a correcting factor accounting for Earth's elliptical orbit. The value of which depend on the day of the year, ( = 1 for January 1 st ), is given by:
where the cosine term is in radians. The total energy per unit of area falling onto a solar collector in one day can be computed by:
where is the sunset time and the two doubles this value to account for the entire period of the day ( = 0 corresponds to solar noon), is the zenith angle given by
where is the latitude of the collector's location, is the hour-angle, which corresponds to by = 0.2618
and is the angle of the Earth's declination, in radians, given by = 7.6759 sin ( 2 ( + 284) 365 )
Combining equations (1), (3) and (4) and simplifying, the total absorbed energy can be written as
The sunset time can be solved for by substituting equation (5) into equation (4) after setting cos = 0. Therefore, an equation to find can be formulated as the following
Finally, by solving the two integrals in (7), the solution can be derived as
This equation represents the solar energy obtained each day by changing values of . An excel spreadsheet calculator was set up to calculate for all values of ranging from 1 to 365, and for three locations with different latitudes as presented in Table 4 of the appendix. As expected, the results verify that the panels on the equator can absorb the most sunlight over the course of one year, while the panels near the poles absorb the least total energy. This is due to the tilt of the earth and the decrease in temperature that accompanies this tilt. As the incidence angle increases, the light has to travel more through the atmosphere over a greater distance and therefore the panel will absorb less total energy. values make sense because Alaska is closer to the North Pole and it will undergo a more dramatic shift in the amount of daylight due to the tilt of the Earth. As it tilts towards the sun, Fairbanks experiences almost completely sunny days and extremely short days as it tilts away.
That is why Fairbanks, Alaska has the largest energy absorption range, but the lowest total energy of the three, with 1,357 kW-hrs/m 2 . Figure 3 compares the sunset times of the three locations throughout a year. As the latitude increases, the length of the day experiences greater change, leading to less possible sunlight absorption on average. 
CONCLUSION AND RECOMMENDATIONS
The results show that solar panels on or near the equator are most efficient in their collection of energy. Overall, the solar collector in Pontianak, Indonesia was the most efficient, generating 
